The present study aims to investigate the efficiency of integrated effective microorganisms (EM) and membrane bioreactor (MBR) for eliminating pharmaceutical active compounds (PhACs) from urine. Natural urine was separated using a 'diversion toilet'. The toilet users were under medication with some pharmaceuticals, namely levofloxacine (LEF), ibuprofen (IBP) and atorvastatin (ATV). For correlation, three MBR pilot-scale sequences were examined. In Sequence 1, the MBR was used without pre-treatment. In Sequence 2, EM was added as pre-treatment in the mixing tank. The effluent was further treated with the MBR. In Sequence 3, EM was added directly to the activated sludge of the MBR. The results showed that Sequence 1 could decrease the PhACs from 10 mg/L to 1.5 mg/L, 0.5 mg/L and 0.9 mg/L for LEF, IBP and ATV, respectively. Sequence 2 exhibited remarkable improvement in PhACs removal. The overall residual concentration reached 0.7, 0.13 and 0.28 mg/L for LEF, IBP and ATV, successively. Applying Sequence 3 gives higher removal efficiency, where the residual concentration of LEF, IBP and ATV decreased to 0.50 mg/L, 0.10 mg/L and 0.22 mg/L, respectively. It was concluded that the contaminated urine was efficiently treated by adding EM directly to the activated sludge of the MBR, and the treated urine can be safely used as fertilizer.
INTRODUCTION
The presence of certain pharmaceuticals in ground and surface waters is a serious environmental problem because these compounds are biologically active and could potentially affect non-target and susceptible species (Rabiet et al. ; Vieno et al. ) . Pharmaceutical residues in the environment have the potential to elicit deleterious effects on some organisms such as crustaceans (Lange et al. ) and amphipods (Borgmann et al. ) . Because most pharmaceuticals are relatively polar, their adsorption to soil or particulates could be of little importance; hence, most of these compounds are mobile in the environment. Persistent and may become a serious problem in places that depend highly on recycled water, such as in France (Rabiet et Separating the collection and processing of human urine is gaining interest for three important reasons:
1. Human urine (yellow water) contains the largest fraction of nutrients: nitrogen (80%), phosphorus (50%) and potassium (70%) emitted from households (Vinnerås & Jönsson ) . These could be used, after an appropriate treatment if required, as fertilizers in agriculture.
2.
To reduce the amounts of residual PhACs that are currently discharged through sewer overflows as well as wastewater treatment plants (WWTPs) that are not designed to efficiently eliminate these compounds.
3. Disconnection of the urine stream (or part of the stream) from the sewer would enable energy saving at WWTPs, this is spent on nitrification of ammonium, mainly originating from urine (Wilsenach & Loosdrecht ; Abdel-Shafy & Mansour a, b, ).
On the other hand, the membrane bioreactor (MBR) is a system that combines the biological treatment of microorganisms and the membrane separation process, which replaces the secondary clarifiers into a single step (Abdel-Shafy et al.
)
. The influent or feed water is mixed with the biomass, and this mixture is filtered through the membrane, separating the biomass from the treated water. There are several advantages of using the MBR. The main benefit of an MBR over conventional activated sludge (CAS) is that the amount of suspended solids remaining in the effluent of the MBR is much lower than in CAS, resulting in a better quality treated water.
The low turbidity of the effluent water makes it more amenable to further treatment. Another benefit of an MBR is its inherently high sludge age, which allows for slow-growing bacteria development, leading to enhanced degradation of some compounds, such as trimethoprim (Perez et al. ; Abdel-Shafy & El-Khateeb ) . A recent study reported the elimination of six selected acidic pharmaceuticals from municipal wastewater by an activated sludge system and two MBRs using different sludge retention times, and compared it to the removal in CAS (Kimura et al. ) . Earlier publications reported varying removal efficiencies of several pharmaceuticals in MBRs (Bernhard et al. ; Snyder et al. ) .
In addition, effective microorganisms (EM) were developed during the 1970s at the University of Ryukyus, Okinawa, Japan (Sangakkara & Higa ) . EM were developed initially to enhance soil activity for the purpose of The aim of the present study is to investigate the efficiency of the MBR on the one hand and the efficiency of combining EM with an MBR on the other hand, to eliminate PhACs from raw contaminated urine. The study was carried out on a pilot scale. The studied pharmaceuticals are levofloxacine (LEF), ibuprofen (IBP) and atorvastatin (ATV). The necessary trans-membrane pressure difference was applied by the water head above the membrane (gravity flow) to save the required energy. The detection of such selected PhACs throughout the present study was conducted by high performance liquid chromatography mass spectroscopy (HPLC MS/MS).
MATERIALS AND METHODS
The present study was carried out continuously for six months using a pilot scale MBR for the elimination of Urine was directed through a piping system to a collection tank. The toilet users were under medication with LEF, IBP and ATV and not any other drugs.
The studied PhACs were LEF, IBP and ATV extra pure standard (98% assay) which were purchased from Merck, Germany.
The concentration of drugs in the raw contaminated urine as well as through all the study periods was determined using a Water 2795 HPLC equipped with a Quattro Ultima ® MS/MS detector and a column: water X Terra ® C18, 3.5 μm, 10 cm, 2.1 mm. Ionization: electro-spray positive (ES þ ).
Acquisition: MRM mode, unit resolution. The mobile phase consisted of (A) 0.3% formic acid and 0.1% ammonium format, and (B) 1:1 acetonitrile:methanol. The solvent program was gradient; the injection volume was 5 μL.
The characteristics of the urine were also determined in all collected samples, namely raw urine, after EM treatment and the MBR effluent, including chemical oxygen demand (COD) (total and dissolved), biological oxygen demand (BOD), nitrates, nitrites, total phosphates, K, Na and CA.
In this respect, the analytical procedures as described by The optimum formulating conditions of EM were determined by culturing microbes at temperatures of 28 and 37 W C, pH from 6.5 to 8.0 and molasses concentration from 1 to 15%. Different incubation periods ranging from 1 to 7 days were studied to determine the optimum period in terms of the growth of all the five organisms. The effect of incubation period on the pH of EM at constant temperature was carried out at a constant temperature, namely 37 W C. EM characterization by morphological and biochemical studies was conducted. Different tests were carried out for biochemical studies such as catalase, oxidase, sugar fermentation, triple sugar iron, hydrolysis and urease tests according to Cappuccino & Sherman () .
Isolation, characterization and formulation of EM
The materials and all supplies of the EM were purchased from the Ministry of Agriculture of Egypt (MAE) in the form of liquid phase.
Isolation of EM
This was carried out by the MAE. The obtained colonies were subcultured to obtain pure culture as described by Cappuccino & Sherman () . 
Characterization of EM

Formulation of EM
The formulation was carried out by the MAE as follows. The isolated microorganisms were cultured together in a medium (molasses) at various pH, temperature and concentration of molasses. The optimal physical conditions for formulating EM were analyzed by culturing microbial consortia at a pH of 6.5-8, temperature of 28 and 37 W C, and at various concentrations of molasses. Figure 2 . The three sequences are as follows:
• The ACU was treated directly by the MBR without any addition of EM (Sequence 1).
• The ACU was mixed first with the pre-determined optimum dose of EM in the mixing tank. The mixture was incubated for 3 days, after which effluent was further treated with the MBR (Sequence 2).
• The pre-determined EM optimum dose was added to the activated sludge of the MBR to enhance the degradation efficiency (i.e. ACU was treated directly with an MBR that was enhanced by EM (Sequence 3).
Weekly The performance of an MBR was monitored for six months to investigate the operational stability of the system and the removal efficiency of the target compounds.
Also, a 22 L tank was available to receive permeate, which was finally reused for irrigation. Samples were taken on a weekly basis. The specification of the studied MBR is as follows (Abdel-Shafy & El-Khateeb ):
• membrane material (PEC),
• membrane surface, m 2 (0.6), • number of membranes (8),
• resistance/pH range (1.5-10),
• resistance/H 2 O 2 (NaOCl), ppm (3,000-5,000 (normal 500),
• resistance/temperature, W C (<50), • resistance/pressure, mWS (Max. 1-3 (1.02 mWS ¼ 10 kPa)).
It is worth mentioning that the MBR reactor was regulated to receive wastewater five times a day. At the moment of receiving such influent, vigorous aeration for 15 minutes occurred, followed by a great decrease in the rate of aeration. The purpose was to enhance the nitrification and de-nitrification process. In the meantime, the ammonia and any gases that could possibly be formed through the aeration and/or nitrification/de-nitrification process could be released from the MBR unit, mainly because the top of the system was not completely sealed. 
RESULTS AND DISCUSSION
During the entire MBR operation period, the characteristics of the raw urine exhibited both diurnal and slight seasonal variation. This is mainly due to variation during the different seasons as well the relative diet habits in winter, summer and the holidays. The characteristics of urine are given in Table 1 .
EM as provided by MAE
For EM optimum formulation conditions, the results show that at 27 and 37 W C Pseudomonas species are able to grow in a wide range of pH from 4 to 10. Streptomyces also exhibit growth at pHs ranging from 5 to 10 and at temperatures ranging from 15 to 42 W C. Therefore the optimum condition was 37 W C and pH 8, which is suitable for all five studied organisms. Different molasses concentrations ranging from 1 to 15% were investigated to study the growth of the EM microbial consortia. It was found that the lowest concentration of molasses gave the highest growth of EM (i.e. decreasing the concentration of molasses increases the growth of EM). By increasing the molasses concentration, the survival of EM decreases as an indication of growth inhibition. This may be due to the osmotic pressure of molasses liquid. The results indicated that 1-3% concentration is favorable for EM growth. Therefore the concentration of 3% was selected as the optimum condition of EM at which all the five studied organisms were observed.
The incubation period showed great effect on the EM microbial consortia. The optimum period was 3 days.
Increasing the incubation period inhibits the microorganism growth. This may be attributed to change in pH, depletion of nutrients and accumulation of toxic end products. Results showed that increasing the incubation period from 1 to 5 days decreases the pH from 7 to 2.95. Increasing the incubation period to 7 days did not
show any further decrease in the pH. This may be because the organisms utilized all the available energy, thus there was no further growth of the EM organisms.
Meanwhile, these organisms could not survive at such an acidic pH. At 3 days incubation period the pH decreased to 3.80. • Aspergillus species are black, fuzzy mat conidia arising from conidiophores. Glucose, lactose and sucrose fermentation test results were negative.
Effect of different EM doses on the treatment of contaminated urine in batch experiments
Varying doses of EM ranging from 22.5 to 180.0 gVS/L were studied to determine the optimum dose for treatment of the contaminated urine. The results showed that increasing the EM dose increases the removal rate of the PhACs, BOD and COD. The optimum dose was found to be 135.0 gVS/L, at which the elimination rate was 35%, 40%, 50%, 45% and 60% for LEF, IBP, ATV, COD and BOD, respectively.
MBR continuous flow pilot plant
A hydraulic residential time of 2.4 d for the MBR was found to be sufficient for treating the contaminated urine.
Treatment of the contaminated urine by MBR, without the addition of EM (Sequence 1), is illustrated in Figure 2(b) and the results are given in Table 2 . The PhACs removal reached 85%, 95% and 91% for LEF, IBP and ATV respectively. The residual concentration decreased from 10 mg/L to 1.5, 0.5 and 0.9, successively. These results indicate that the MBR is capable of eliminating the PhACs from the contaminated urine. On the other hand, removal of COD and BOD reached 94% and 93% respectively. The level of nitrates in the final effluent ranged from 0.49 to 0.77 mg/L, with an average value of 0.62 mg/L (Table 2) . Meanwhile, the concentration of nitrites in the MBR effluent ranged from 1.99 to 3.08, at an average of 2.52 mg/L. These results (Table 2) indicate that an efficient elimination of nitrates and nitrites at the rate of 85.9% and 86% respectively was achieved via the MBR treatment. The level of total phosphorus (TP) in the MBR effluent ranged from 309 to 464.7 mg/L, with an average of 399.3 mg/L. Elimination of TP was the lowest of all the studied parameters, the rate ranging from 26.0 to 28.6% with an average of 27.4%.
For treatment of the contaminated urine by EM followed by MBR (Sequence 2), the pre-determined EM optimum dose in the mixing tank, namely 90.0 gVS/L, was added to the contaminated urine using a dosing pump.
EM was employed as a pre-treatment for the purpose of decreasing the amount of residual PhACs, thus reducing the load on the successive treatment step. Remarkable removal efficiency was achieved in terms of LEF, IBP and ATV ( Table 3) . The corresponding removal rates were 30, 35 and 45% respectively. The residual concentration decreased from 10 mg/L each to 7.0, 6.5 and 5.5 successively. The level of COD and BOD in the feed of the MBR permeate during the study period was 5,070 and 869 mg/L successively (Table 3) . By adding EM to the contaminated urine, a moderate removal rate was achieved for both COD and BOD, namely 40% and 57% respectively (Table 3) . On the contrary, a low percentage of removal was reached for the elimination of NH 3 , NO 3 , NO 2 and TP, namely 12.3, 11.4, 22.2 and 10.5 successively (Table 3 ). The mixing tank effluent was further treated with the MBR, where the average removal of LEF, IBP and ATV was 90%, 98% and 95% respectively ( Table 3 ).
The final residual concentration of these PhACs decreased to 0.7, 0.13 and 0.28 mg/L for LEF, IBP and ATV successively. These results indicate efficient removal of the studied PhACs. The best eliminated drug among all the studied PhACs was IBP (98%), with an average final concentration in the effluent of 0.13 mg/L. The results in Table 3 show a remarkable improvement in the final treated con- and TP successively. It is worth mentioning that the addition of EM directly to the activated sludge of the MBR has the advantage of eliminating one step in the treatment process ( Figure 2(c) ). This means eliminating space, including the consumption of energy, operation and maintenance processes.
CONCLUSIONS
The MBR process is an excellent tool and is technically feasible for removing PhACs from urine. The MBR improves the physical-chemical characteristics of urine in terms of COD and BOD. The combination of EM and the MBR proved to be effective in removing PhACs from contaminated urine.
Adding EM directly to the activated sludge of the MBR as one step is more feasible than adding it to a mixing tank as a pretreatment. It proved to be more efficient in the removal of PhACs from urine. The efficiency of the combined EM and MBR pilot study system will guide decision makers on a potential full-scale application and safe reuse of treated urine for agricultural purposes.
RECOMMENDATION
It is essential to remove the PhACs from sewage water or the separated urine before any application for agricultural or soil purposes due to the impact on soil and plants. The combination of EM and MBR is successful and efficient for the removal of PhACs.
